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Milk  secretion may be looked upon  as  a  two-step process.  The 
first step consists in the passage of the materials for the formation of 
milk from the blood stream into the gland cells.  In the second step 
these materials are organized by the gland cells into the constituents 
of milk, when they  are then passed into the alveolar spaces of the udder. 
The question arises as to what may be the motivating causes which 
bring about these changes. 
The early contributions to this subject were largely those made by 
the histologist studying the changes which he observed in the tissue 
of the mammary glands.  These histological  observations have been 
markedly influenced in their interpretation by the supposed modes of 
secretion of two other types of glands, the sebaceous and the salivary. 
This work led to three major hypotheses to account for milk secretion 
by the mammary glands: 
1.  The cells of the glands break loose bodily and disintegrate'in the 
alveoli to form the milk solids. 
2.  A  portion of the  cells  toward the alveoli  become loaded with 
solids, are broken from their base,  and disintegrate to form the con- 
stituents of milk. 
3.  The cells of the mammary glands secrete the materials of the 
milk solids without the cells breaking down. 
The first theory has largely been discredited because as Heidenhain 
(1)  2 pointed out this theory would call for a  cell destruction and re- 
placement of as high as five times the number of cells in the udder in 
a single day; a rate of cell replacement which was not observed. 
1 The literature citations are given in the paper following. 
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The second theory, suggested by Langer and supported by Heiden- 
hain (1),  Steinhaus (2), and Brouha (3), lays its foundation on histo- 
logical evidence.  The gland cells are represented as lengthening out 
into  the  lumen of the  alveoli.  The  projecting ends of these  cells 
become loaded with nutrients similar to those of the milk solids, these 
projecting ends disintegrate and allow the solids to escape.  The basal 
portion of the cell,  including the nucleus, is left to  rebuild the cell 
and repeat the process. 
The third theory lays its stress on analogy with the other secretory 
glands.  In support of this thesis Bertkau (4) says that the disintegra- 
tion of the udder cells which other observers have claimed visible in 
mammary gland tissue is due to imperfect fixation and that when the 
tissue  is  properly fixed  no  necrobiosis of  any  kind  appears.  This 
theory is  further supported by  the study of the individual constit- 
uents of milk and their variations during the  day  and the  lactation 
period (Gowen (5)). 
As indicated above, milk secretion may be looked upon as a two-step 
process,--the passage of the precursors of milk from the blood into 
the secreting cells and their subsequent passage from these cells into 
the milk cisterns.  The first two theories cited only visualize the last 
phase of this process.  The third theory accounts for the whole process 
if we assume with Simms (6)  that the constituents on the two sides 
of the cell membranes have unlike affinities for salts, etc., or secondly 
are differentially permeable. 
As blood is the common carrier for the materials utilized in metabo- 
lism, it is natural to turn to it as the source of the precursors of milk 
solids.  Thus far,  the most fruitful method of analyzing what these 
precursors of the milk solids may be, has been the comparing of the 
composition of  the  blood  which  is  entering  the  mammary gland 
with the composition of that  coming away  from it.  This method 
of approach, first devised by  Kaufmann and Magne (7), has shown 
that in all  probability  dextrose  is  the  source  of  lactose  in  milk. 
The observations on which this conclusion is based have been sub- 
stantiated by Cary (8) and also by the present writers (unpublished). 
Meigs, Blatherwiek, and Cary (9) have utilized the same methods to 
indicate the origin of milk fat.  The reasoning is based on their experi- 
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The blood on entering the udder carries more phosphatides than 
that  leaving  the  udder.  The  milk entering the  udder  carries  less 
inorganic phosphate than that leaving the udder.  From these obser- 
vations and the difference in the composition of milk compared to that 
of blood with regard  to phosphorus, they draw the conclusion that 
the mammary gland in butter fat secretion takes phosphafides from 
milk, converts them into fat, and returns as inorganic phosphorus the 
excess of this element derived in breaking down and synthesizing the 
milk fat from the phosphatide. 
Cary following the same line of approach showed that the blood 
entering the udder contains more amino nitrogen than the blood com- 
ing away from the udder.  From this fact and the work on metabolism 
of proteins he  draws  the  conclusion that  the proteins of milk are 
derived from the amino acids of blood. 
In studying the composition of the fat deposited in the udders of 
cows in milk secretion, as contrasted with the udders of such cows in 
the dry period, the fats found in the actively secreting udder were 
found to be partly metabolized toward the characteristic fats of milk. 
The fat in the dry udder, on the other hand, does not show this step 
even  though it  contains  proportionately much more  fat  than  the 
actively secreting udder.  The  secretion  of  milk-fat  appears  as  a 
distinct two-step process.  The blood brings to  the udder materials 
for  deposition in  the udder of fats  comparable to  other body fats. 
These fats are then converted by the udder, somewhat in advance of 
their  need  for  milk secretion,  into  the  fats  characteristic  of  milk 
(Gowen and Tobey (10),  Peterson, Palmer, and Eckles  (11)). 
These hypotheses and the facts just cited, however imperfect they 
may be, furnish an important approach to the problem of the mecha- 
nism of milk secretion.  They illustrate, however, the desirability of 
other methods of attack.  In the summers of 1925,  1926, and 1927, 
the writers attempted such an approach. 
In view of the fact that most of the original constituents of milk 
find their origin in the blood stream, it would follow that if any means 
of altering the chemical characteristics of the blood stream could be 
found it would thereby be expected to affect the characteristics of the 
milk secreted.  The particular type of alteration observed in the blood 
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as to the precursors of the constituents of milk as they are found in the 
blood.  Furthermore, it seemed probable  that the changes brought 
about by altering the blood stream would affect the physical character- 
istics of the blood stream, such as the osmotic pressures, etc., and by 
the subsequent alterations in the composition of the milk so produced 
furnish important facts on the mechanism by which it is normally 
secreted. 
Four means of altering the characteristics of the blood seemed open 
to us.  The first was the change brought about in the blood stream by 
complete inanition; the second method consisted in the introduction 
of the hormone of the parathyroid gland with its effect on the calcium 
of the blood; the third consisted in the introduction of insulin into the 
animal with the attendant lowering of the blood sugar and the other 
changes in blood composition; and lastly, it seemed desirable to check 
the effect of phloridzin on cow's milk rather than on goat's, as had 
been done by others.  The experiment on inanition was also regarded 
as a control of the experiment on the use of insulin, as at that time it 
was believed that insulin would not produce its effect without inanition 
accompanying it.  This experiment may be considered first.  It may 
also be combined with the experiment on the action of the parathyroid 
hormone plus starvation, as the data on this experiment indicate that 
it is the starvation which produced the observed effects; the parathy- 
roid hormone being without observed effect. 
Material  and Methods 
Our  experiment on  the  inheritance of milk production  (11  etc.) 
included eight cows which were available for the work herein described. 
The cows ranged in production up to 40 pounds of milk a  day and 
included animals with both high and low butter fat percentages in 
their normal milk.  The animals were all in good condition for milk 
production, had no tuberculosis, as proved by their clinical tests and 
autopsy.  (The herd is accredited.)  The animals were maintained on 
a ration which by present standards was more than adequate for their 
milk production.  In the initial period the animals passed through 
the same routine as that which followed for the experimental periods; 
they were milked, watered, cleaned and, if given food, fed at the same 
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The first effort was directed toward determining what the normal 
variation in  the milk production at  these times really was and  the 
variations in the composition of the milk so produced.  In the chart 
the  initial  daily  milking periods,  before  the  experiment was  com- 
menced,  represent  quite  accurately the  true  milk  secretion  of  the 
given cow in this period of lactation fed on a production ration. 
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FIG. i.  Cow 47, age 8 years 11 months, 3 months in hctation.  Food completely 
withheld; water given freely.  Throughout the amount  of material  is plotted 
against time in days. 
The total solids, fat, nitrogen, ash, and lactose, were determined by 
the  methods  approved  by  the  Association  of  Official  Agricultural 
Chemists.  The calcium was determined by Collip's modification of 
the Kramer and Tisdall method.  Phosphorus was determined by the 
method of Benedict.  Folin's  method of blood  sugar determination 
was used and Benedict's method for estimating sugar in urine.  The 
calcium and sugar of the urine appeared in such small amounts with 
no apparent relation to the other observations that they are omitted 50  STUDIES  ON  MILK  SECRETION 
from the discussion.  In the first experiments on two  cows,  47  and 
141, the milk calcium and phosphorus and blood calcium and dextrose 
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FIG. 2.  Cow 47, age 9 years 11 months, 4 months in lactation. 
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were not determined.  The milking periods were in general at 5 o'clock 
in the morning and 3 o'clock in the afternoon.  In certain cases when JOHN  W.  GOWEN  AND  ELMER  R.  TOBEY  51 
closer intervals were desired the milking periods were 5 and 11 o'clock 
in the morning and 5 in the afternoon and 11 o'clock in the evening. 
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FIG. 3.  Cow 52, age 9 years 8 months, 2 months in lactation. 
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The Data 
The milk yields and percentage composition of the milk and blood 
are  presented  chronologically  for  each  cow  in  Graphs  1  to  13. 52  STUDIES  ON  MILK  SECRETION 
The figures are divided into two series of charts, on the left and right 
hand  sides of the  page.  The  upper left  hand  chart  gives  the  milk 
yield in pounds plotted against  time--duration  of  starvation.  The 
charts  which  follow are per cent total  solids,  fat,  ash,  and  nitrogen 
of the milk produced; all plotted against duration of inanition.  The 
upper right hand chart is per cent of lactose.  Following in sequence 
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FIG. 4.  Cow 141, age S years 0 months, 4 months in lactation.  Food completely 
withheld; water given freely. 
down the page are per cent of milk calcium, milk phosphorus, blood 
calcium,  and  blood dextrose;  each plotted  against  the  same chrono- 
logical scale. 
DISCUSSION 
Relation between Inanition and Milk Secretion 
Figs.  1 to 8, inclusive, bring out certain  facts which, while not new 
to  the  literature  of inanition  have  as yet not been  explained.  The 
cows all exhibit a rapid drop in milk yield almost from commencement JOHN  W.  GOWEN  AND  ELMER  R.  TOBEY  53 
of the inanition period.  The rate of this decrease is greater during 
the first period of inanition, tending to tail off as inanition progresses 
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to an asymptotic value of zero milk producton.  As the milk produc- 
tion  decreases the percentage composition of the solids  in  the milk 54  STUDIES  ON  MILK  SECRETION 
tends to increase rapidly to values which may be two times as great as 
those  ordinarily  found  within  milk. 
I~_  MiLK  "~EL~ 
20 
10  '~ 
TOTAL SOLIDS  1% 
20  i 
i 
15  -~ 
FAT  %  I 
I0-  i 
i 
,91 
.8 
.gS  - 
.40  - 
30 
ASH % 
Jl 
NITROGEN  JO/o 
I 
I 
I 
Statv~t~'on 
The  average  increase  for  the 
LACTOSE [% 
i 
MI LK  CALCiU/~A */Q 
i 
i 
MiLK  PHOSPHORUS 
I 
i 
BLOOD CALCIUM i% 
i  ,i 
BLOOD DEXTROSE ~/o 
i 
i 
30  L  31  I  1 I 
S~orvo~'ion 
4.5 
3.0 
% 
-  .I0 
.07 
.IO 
-  .06 
-  .10 
-  .og 
FIG. 6.  Cow 212, age i0 years 0 months, 12 months in lactation. 
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duration  of  the  starvation  period  is  1.3  times  the  customary  total 
solids per cent of these milks.  This  increase  in  total  solids is very JOHN W.  GOWEN AND  ELMER R.  TOBEY  55 
largely accounted for by the increase in  the percentage composition 
of the butter fat.  The butter fat may reach a percentage of 2.5 times 
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Fro. 7.  Cow 213, age 5 years 10 months, 1 month in lactation.  Food com- 
pletely withheld; water given freely. 
its  normal  value.  The  average  increase  for  the  duration of  these 
experiments is  1.9  times the normal value.  The ash content of the 56  STUDIES  ON  MILK  SECP,.ETION 
milk  also  increases  in  a  marked  degree.  In  one  case  this  increase 
amounted  to  1.7  times  the  ordinary  ash  content of the  milk.  The 
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average gain was  about  1.2  times the normal ash per cent for milk. 
The percentage content of the nitrogen rose but slightly during the 
inanition period for seven of the cows.  For the eighth cow it changed ~OHN  W.  GOWEN  AND  ELMER  R.  TOBEY  57 
markedly.  The nitrogen  content of this  cow's milk  rose to  nearly 
twice its normal value. 
The lactose percentage, in contradistinction to the other materials 
of the milk, showed a distinct decrease in its percentage as the duration 
of  the  starvation  period  increased.  This  decrease on  the  average 
amounted  to  about  one-tenth  of  the  amount  of lactose  ordinarily 
found.  The milk  calcium increased to  a  somewhat greater extent 
than did the ash percentage, showing that the ash constituents prob- 
ably changed in a manner out of proportion to their ordinary content 
in  the ash of milk.  The phosphorus  content of  the  milk  behaved 
irregularly but  on  the  whole  took  a  neutral  trend  throughout  the 
period of inanition. 
The blood calcium was found to decrease slightly during the period 
of inanition.  As  starvation progressed,  the blood  sugar was found 
to decrease. 
These results agree with those of Overman and Wright  (12)  in all 
essential particulars.  For their experiment three cows were available 
and the inanition period was of longer duration than that noted here. 
The longer duration of starvation simply extended the effects.  The 
milk yield was reduced to a  somewhat lower point,  the total solids, 
fat, protein, and ash, were increased to higher percentages, whereas 
the lactose was decreased to a markedly lower amount.  They do not 
consider the blood  changes.  Before considering the mechanism by 
which these changes are brought about, the data for starvation plus 
the injection of the parathyroid hormone may be noted.  The para- 
thyroid hormone was thought to offer a means of altering the compo- 
sition of the blood of the cow for another constituent, the Calcium.  As 
this constituent plays a large r61e in milk secretion, being particularly 
associated with the casein, it seemed worth while to try the hormone's 
effect on  milk  secretion.  With  the  information  which  had  been 
gained  from  the use of insulin,  it  seemed that  the amounts  which 
would be necessary to produce an effect would be relatively high.  200 
or 400  units were used at an injection; the material  being injected 
directly into the jugular vein.  The parathyroid hormone was the best 
available.  We are indebted to Eli Lilly and Company for it.  Unfor- 
tunately, the cow takes so much of this hormone that even 1000 units, 
over the relatively short time of two days, did not alter the composition 58  STUDIES  ON  MILK  SECRETION 
of the cow's blood.  This was true for both sets of animals; one set 
with the hormone accompanied by complete inanition, the other set 
with the hormone accompanied by feeding the normal ration.  The 
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results  are,  therefore,  to  be  interpreted  in  the  light  of  starvation 
experiments rather than as effects produced on the calcium of the blood 
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FIG. 10.  Cow 52, parathyroid hormone and full ration throughout experiment. 
The amount of the parathyroid is shown by the vertical dashed lines on the chart 
at the time when the injections took place. 
by the  parathyroid  hormone.  The facts obtained,  aside  from their 
own intrinsic interest, are of considerable importance as comparative 60  STUDIES  ON  MILK  SECRETION 
material  for  the  insulin  experiments which follow.  The  charts  in 
Figs.  9,  10,  and  11  present this material.  Cow  52  received  a  full 
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FIG.  11.  Cow  212,  parathyroid  and  complete inanition.  The  vertical dotted 
lines on the chart show the number of units of parathyroid hormone at the time 
when they were injected. 
ration  throughout  the  experiment.  Cows  47  and  212  were  under 
complete inanition.  The times and amounts of the parathyroid hor- JOHN  W.  GOWEN  AND  ELMER  R.  TOBEY  61 
mone injected are shown on the vertical dashed lines on the chart.  As 
will be  noted in  the  earlier experiments,  these cows were used for 
previous complete inanition experiments.  The results for these earlier 
experiments are shown on the dotted lines. 
Fig. 10 pictures milk secretion by a cow receiving an adequate ration. 
Attention is called to the relative steadiness in the percentage com- 
position of all of the constituents of the milk, maintaining as they do 
their  normal  level  throughout  the  entire  experiment.  This  chart 
should  be  contrasted  with  the  other  cows  under  starvation.  The 
graph for Cow 52 contrasts sharply with the one obtained in the starva- 
tion  experiment.  The  chart  for  Cow  52  should  also  be  compared 
with the subsequent one for Cow 47 when she received insulin and a 
full ration.  The insulin treatment of Cow 47, in contradistinction to 
the parathyroid treatment of Cow 52 and despite her receiving a  full 
ration, caused all of the constituents of the milk and the quantity of 
milk produced to show a definite and marked effect of the insulin.  It 
is evident that the results for starvation and insulin are to be accounted 
for by their effect on milk secretion and not to any extraneous variables. 
Figs. 9 and 11, for Cows 47 and 212, show simply the characteristic 
picture of the effects of starvation  on  milk  production.  The milk 
yields drop;  the  total  solids,  butter fat percentage, ash percentage, 
and calcium in the milk all rise.  The nitrogen per cent remains fairly 
constant.  The lactose per cent contrasts with the other elements of 
milk in that it tends to seek lower levels than are normal.  Accom- 
panying this change is a reduction in the dextrose content of the blood 
during  the  inanition  period.  On  feeding the  animals  the  different 
items return to normal. 
What, it may be asked, is the mechanism by which these changes 
are brought about?  The most noticeable fact is the difference in the 
behavior of the lactose and the behavior of the other constituents of 
the milk.  In  the  case  of  the  lactose  the  percentage  composition 
decreases while in  the case of the other constituents the percentage 
composition increases.  As indicated earlier from the results of  the 
composition of blood before and after it had passed through the udder 
the conclusion is drawn that  the dextrose of the blood is  extracted 
from it as it passes through the udder and is organized into the lactose 
of the milk by the udder cells.  If this conclusion is correct, it would 62  STUDIES  ON  MILK  SECRETION 
be expected that if the dextrose of the blood is decreased the lactose 
of the milk would likewise be decreased if it has no other origin.  The 
fact that this is just what happens in these experiments furnishes fur- 
ther and independent proof for the correctness of the former conclu- 
sion; namely, that the lactose of milk is derived from the dextrose of 
the blood. 
This change of the dextrose of the blood and the concordant change 
in the lactose of the milk is, we believe, a  key to  the explanation of 
these results.  It has been known for a long time that the milk of indi- 
vidual  cows is  relatively stable  for  their  lactose,  ash,  and  protein 
content and less stable for their fat percentage (Eckles and Shaw (13) 
and others).  It is likewise known that under similar normal conditions 
the constitution of the blood of an animal is relatively stable  in  its 
composition for the dextrose, salt, and protein content.  The osmotic 
pressure of the blood and of the milk under normal conditions is essen- 
tially the same when the fat, which is not in the same phase as the rest 
of the system, is disregarded (Jackson and Rothera (14), and Davidson 
(15)).  The osmotic pressures of milk are very largely determined by 
their lactose content, whereas the osmotic pressures of blood are rela- 
tively little determined by their sugar content; the large factor being 
the salt.  It would therefore follow that if the osmotic pressures of 
the blood and milk are to be kept in constant ratio the milk of a lower 
lactose content would have to increase its content of salts in a rather 
pronounced degree to make up for this deficiency of lactose, since the 
salts are the only other large element capable of contributing to the 
osmotic pressures of the milk. 
The osmotic pressures of the milk may be computed from the milli- 
molar  concentration of  the lactose  and  ash  found in  the milk.  A 
difficulty arises in that the ash is composed of six major osmotically 
active elements, potassium, sodium, calcium, magnesium, phosphorus, 
and  chlorine, with  a  little  sulfur  and  iron.  The  exact  analysis of 
only two of these was obtained, namely calcium and phosphorus.  The 
variation of these two elements indicates that the proportions of all 
six elements may be assumed as roughly the same as in normal milk 
ash for the purpose of calculating the osmotic pressure.  As pointed 
out earlier, a  decrease in  the lactose should materially decrease the 
osmotic  pressure  unless  the  salt  content  increases  to  compensate. JOHN W.  GOWEN AND  ELMER R.  TOBEY  63 
Since  the  latter  actually takes  place,  it  is  of interest  to  note  the 
changes in osmotic pressure of milk which result from continued inani- 
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Fro. 12.  Relation between the calculated osmotic pressure of milk determined 
from the proteins, ash, and lactose, in inanition. 
Before considering the facts brought out by Fig. 12, it is well to note 
the changes in the blood during starvation.  Mayer (16)  has shown 
that the osmotic pressure of the blood of fasting dogs increases with 64  STUDIES  ON  MILK  SECRETION 
the progress  of inanition.  Tria  (17),  working with  both  dogs  and 
rabbits, obtained like results using the method of depressed freezing 
point.  Pol~nyi's (18)  experiments on dogs lead to the same conclu- 
sion.  It therefore seems to be rather conclusively proved that there 
is an increase in osmotic pressure of blood serum during the progress 
of inanition.  As Morgulis (19)  points out this change is apparently 
due to a greater ash content in the relatively higher proportion of the 
water soluble salt, chiefly sodium chloride. 
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FIG. 13.  Calculated osmotic pressures of milks from cows treated with  para- 
thyroid hormone. 
From Fig. 12 it will be observed that the cows on starvation show 
a  slight general increase in the osmotic pressures of their milk.  In 
only one cow, Cow 213,  was this increase marked.  This cow is the 
animal which showed the greatest  decrease in  lactose in  her milk. 
This decrease was accompanied by the greatest increase in the content 
of salt and nitrogen.  The calcium content of the salt increased 2.4 
times while the salts as a  whole only increased 1.7  times indicating 
that  the  apparent  increase  in  calculated osmotic pressure  may be JOHN W. GOWEN  AND ELMER  R. TOBEY  65 
fictitious for Cow 213 since the calcium salts very possibly combine 
in  the  proteins. 
If we calculate the osmotic pressures of the milk in the experiment 
of Overman  and Wright, we find that  for their  three  cows they also 
have  an  increase  in  the  osmotic  pressures  of  these  milks.  These 
changes were most pronounced in cows which were nearing the end of 
their lactation; whereas for the cow beginning her lactation the osmotic 
pressure did not rise to any extent. 
The osmotic pressures of Cows 47, 52, and 212, treated with para- 
thyroid are shown in Fig. 13.  Cow 52 shows that a cow with a normal 
ration  has  practically  a  constant osmotic  pressure.  The  osmotic 
pressures  of the  cows under  starvation,  47  and  212, rise somewhat 
toward  the  last  of the  experiment,  due  no  doubt  to  the  change  in 
osmotic pressure of the blood during inanition. 
The  decrease  in  the  lactose  of milk  results  in  the  necessity of a 
marked increase in the salt content of the milk if the osmotic pressure 
of this milk is to remain the same.  This increase is actually observed 
and the osmotic pressures of milk, as determined from its composition, 
follow those which are to be expected of blood with progressive starva- 
tion.  We may therefore conclude that the changes in the composition 
of milk during inanition are the results of the changes in the composi- 
tion of the blood. 
The  behavior of the butter fat percentage in  contrast  to  the  per- 
centages  of the  other  constituents  is  of interest  in  the  light  of the 
results of the writers  (10) in indicating that  the fat of butter fat was 
first deposited in the udder from the blood and then metabolized into 
the characteristic  fat of milk.  The rate of metabolism of this fat is 
such that  there appears to be stored in the udder in advance of milk 
secretion  a  limited  amount  of  reserve  fat  which  is  equivalent  to 
butter fat.  If this is the  case,  the amount of this  fat released into 
the alveolar spaces of the udder should be somewhat independent of 
the other constituents of milk.  If the proportionate  rate of change 
of the butter fat be examined it is found to increase from 1½ to 2½ times 
its  initial  amount  as  starvation  progresses  during  the  experiment. 
The ash increases to the extent of only 1.1  to 1.3  times the  original 
amount.  The nitrogen, on the whole, changes very little.  The lac- 
tose decreases.  These  facts indicate  that  the  butter  fat is  to  some 66  STUDIES  ON  MILK  SECRETION 
extent independent of the other constituents of the milk.  This result 
is accordingly in agreement with the previous work.  It might also be 
added that the more or less independent movement of the butter fat 
as contrasted with the other solids is seen in comparing milks of dif- 
ferent breeds with differences in fat percentage. 
SUMMARY 
In this  paper data are presented on cows receiving no food  but 
having access to all of the water which they wished.  The yield  and 
composition of the milk were determined at various times during the 
periods of starvation.  The composition of the milk showed changes 
which were progressive in the sense that they followed a  definite 
course.  They were characterized by a marked lowering in  the amount 
of  milk produced, by an increase  in the total  solids  (chiefly  an increase 
in the percentage of fat and ash,  with a slight  increase in proteins), 
and by a pronounced decrease in the lactose.  The decrease in lactose 
corresponded with a decrease in the dextrose content of the blood, 
thereby supporting the conclusion that the lactose  of milk has as its 
precursor dextrose of the blood.  All the changes in milk composition 
during starvation can be directly  related to the simultaneous changes 
in the blood. 
The following companion paper on insulin and phloridzin as they 
affect milk secretion further develops these hypotheses. 